The position of the incisors is considered as a key landmark in treatment planning to provide the patient with the most attractive and well-balanced smile. It is important to quantify the relationship between anteroposterior position of incisors to overlying soft tissue structures. Aim The purpose of this study was to evaluate cephalometric changes on the soft tissue profile of the adult patients after first premolar extraction.
Introduction
The position of the incisors is considered as a key landmark in treatment planning to provide the patient with the most attractive and well-balanced smile. It is important to quantify the relationship between anteroposterior position of incisors to overlying soft tissue structures. Aim The purpose of this study was to evaluate cephalometric changes on the soft tissue profile of the adult patients after first premolar extraction.
Materials and Methods
The study included pretreatment and posttreatment lateral cephalograms of 24 adult patients (Class II div 1 malocclusion and Class I bimaxillary protrusion) treated with preadjusted edgewise appliance following first premolar extractions. Seven angular and twelve linear soft tissue parameters were evaluated. Six hard tissue parameters were evaluated. Results All the linear and angular measurements pertaining to soft tissue and hard tissue showed significant changes. When posttreatment values were compared with pretreatment values, certain parameters (nasolabial angle, Z angle, UL and LL length, and UL strain) were found to be increased, whereas other parameters showed decrease in their posttreatment values. The tissue alteration showed statistically significant increase in nasolabial angle, Z angle, and decrease in soft tissue profile and interlabial gap. Conclusion Facial profile improvement can be enhanced by dentoalveolar and soft tissue retraction following premolar extraction.
Introduction
A thing of beauty is a joy forever. This is a common saying, but beauty is something which gives the highest degree of pleasure to the mind and suggests that object of delight approximates to one's conception. 1 Facial attractiveness and dental esthetics have been shown to have a significant impact on the social status and quality of life. Achieving an esthetic smile has been shown to be one of the most important reasons why patients request orthodontic treatment. 2 The position of the incisors is considered as a key landmark in treatment planning to provide the patient with the most attractive and well-balanced smile. 3 The profile form of the patient face is often representative of the inclination of anterior teeth, 4 and clinicians should align incisor positions ideally to obtain good facial balance following treatment taking into consideration the great variability in soft tissue thickness between individuals. 5 Therefore, it is important to quantify the relationship between anteroposterior position of incisors to overlying soft tissue structures. Tweed emphasized balance of the facial profile as the first priority in orthodontic treatment. The Z angle introduced by Merrifield, the H line by Holdaway, and the Ls'Li' line by Imajyo is also used to evaluate a person's soft tissue profile. However, these evaluations are only anteroposterior measurements of the distance between the most forward point on the upper and lower lips and the setting of reference line. Arnett et al 6 introduced soft tissue cephalometric analysis, which includes soft tissue measurements of the midface area aimed at objectively evaluating facial harmony and balance.
Orthodontists have long recognized that the extraction of premolars often is accompanied by changes in the soft tissue profile. At times, these changes result in substantial improvements in the profile and frequently justify the extraction of teeth in patients without other indications. At other times, however, premolar extraction can lead to a flatter profile. 8 
Aim
The main aim of this article is to evaluate the cephalometric changes occurring in the soft tissue profile of adult patients who underwent orthodontic treatment following first premolar extractions.
Materials and Methods
This study is a retrospective study conducted on 24 pre-and posttreatment lateral cephalograms of the patients selected from the archives of the Department of Bhojia Dental College and Hospital, Bhud, Solan, Himachal Pradesh. The patients were selected on the basis of following criteria: Pre-and posttreatment lateral cephalograms were obtained with the Frankfort horizontal (FH) plane parallel to the floor, lips in relaxed position, and teeth in maximum intercuspation. All the cephalograms were traced manually by the same investigator. They were hand traced onto 0.003 inch matte acetate paper. All the landmarks were identified and marked.
Cephalometric Landmarks
Description of various cephalometric landmarks used in the study is given below (►Fig. 1). 
Soft Tissue Landmarks

Soft Tissue Angular Parameters
Description of soft tissue angular parameters used in the study is given below (►Fig. 2).
NLA:
Angle between a line tangent to the base of the nose and a line tangent to the upper lip. 10 
H angle:
Angle between H line and Na'-Pog' line. Soft Tissue Profile Response Bhullar et al.
Soft Tissue Linear Parameters
Description of soft tissue linear parameters used in the study is given below (►Fig. 3A and B).
Upper lip prominence:
Perpendicular distance from labrale superioris to the line extending from the subnasale to soft tissue pogonion. 10 2. Lower lip prominence: Perpendicular distance from labrale inferioris to the line extending from the subnasale to soft tissue pogonion. 
Mentocervical angle:
Intersection of E line and tangent to the submental area.
12. Soft tissue chin thickness: Distance between two vertical lines representing hard tissue and soft tissue facial planes at the level of Ricketts' suprapogonion.
10
Hard Tissue Parameters
Description of hard tissue parameters used in the study is given below (►Fig. 4). The angular and linear parameters were evaluated for the pre-and posttreatment cephalograms. The values so obtained were subjected to statistical analysis.
Statistical Analysis
All the statistical analysis was performed using SPSS statistical package. The mean and standard deviations were calculated. The differences between the pre-and posttreatment results for each parameter were determined and subjected to paired t-test. The level of significance was set at p < 0.05. The correlation between soft tissue changes and the hard tissue (incisor) changes was calculated using Pearson's correlation coefficient.
Results
The descriptive statistics of soft tissue cephalometric parameters in pre-and posttreatment results showed that means of certain parameters (nasolabial angle [NLA], Z angle, upper lip and lower lip length, and upper lip strain) were found out to be increased, whereas other parameters showed decrease in their posttreatment values. The means of the parameters when analyzed by comparing between pre-and posttreatment results showed that certain soft tissue parameters (NLA,
On the upper and lower dentoalveolar components, all parameters related to the maxillary and mandibular incisors showed statistically significant alterations (p < 0.5).
There was a strong positive correlation between the soft tissue changes following upper and lower incisors retraction as depicted in ►Table 2. There was a statistically significant increase in NLA and decrease in soft tissue profile and interlabial gap with the upper incisor retraction. Increase in Z angle is significantly related to lower incisors retraction.
Discussion
The study of beauty and harmony of the facial profile has been central to the practice of orthodontics from its earliest days. 11 Accurate prediction of changes in the soft tissue profile after orthodontic treatment is desired. There exists a wide variability between racial groups, but most of the studies regarding soft tissue profiles have been performed with White subjects. The aim of this study was to compare the soft tissue cephalometric effects on the facial profile in adult patients following first premolar extraction in North Indian population.
This study showed that there is change in the soft tissue profile of the adult patients after incisor retractions. This was in concordance to the study done by Drobocky and Smith 8 in which 95% of patients with four premolars extraction had decreased lip protrusion, whereas the NLA increased by 5.2°, the upper lip retracted 3.4 mm to the E line, and the lower lip retracted 3.6 mm to the E line. In another study of white subjects conducted by Waldman, 12 1:3.8 ratio was found between upper lip retraction and incisor retraction. It was also found that maxillary incisor retraction caused upper lip retraction, increased lower lip length, and increased the NLA 13 whereas the mandibular incisor position determined lower lip position and shape.
14 There were few studies that were not in accordance with this study. Hershey 15 reported on the effect of incisor retraction on soft tissue profile changes in 36 postadolescent female patients. He concluded that neither the simple nor the multiple correlation coefficients obtained were clinically useful in predicting soft tissue response from incisor retraction. Similar findings were reported by Wisth 16 who described lip morphology and treatment changes in two groups of boys. He reported that the variability of the results was great and concluded that prediction of soft tissue changes in an individual case is impossible, particularly if the overjet is great. 17 The results in this study showed NLA increased from 100° ± 10.78° to 105.83° ± 9.60°, with a mean difference of 5.38° (p < 0.01). Nasiolabial angle is made up of both soft tissue (pronasale) and cartillaginous (columella) portion of the nose which continues to grow forward, along with the soft tissue of the upper lip. Hence, adult patients were selected so as to reduce the influence of growth on hard and soft tissue parameters. This finding is in favor of the study done by Kojo et al, 7 Talass et al, 13 and Sundareswaran and Vijayan. 10 H angle was found to be decreased from 21.58° ± 4.65° to 18.46° ± 4.14° with a mean difference of 3.13° (p < 0.01); H angle decreased due to retraction of incisors. This finding was found to be statistically insignificant. This finding is in accordance with the studies done by Kojo et al, 6 Sundareswaran and Vijayan, 10 and Kocadereli.
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Z angle increased from 58.83° ± 7.34° to 64.04° ± 7.1° with a mean difference of 5.21° (p < 0.01). This increase is associated with the retraction of lips when incisors are retracted. This finding was found to be significant only with lower incisor retraction. Kocadereli 11 made a same conclusion showing an increase of 1.5°, whereas James 18 concluded that Z angle increased by 6° after treatment.
Soft tissue profile was decreased from 24.96° ± 7.51° to 23.42° ± 6.21°, with a mean difference of 1.54°, which was found to be insignificant. When hard tissue and soft tissue parameters were compared and correlated, an increase in soft tissue profile following maxillary and mandibular incisor retraction was found to be statistically significant (p < 0.05). This finding is in favor of the studies which states that extractions lead to flatter facial profiles. 8, 11, 18, 19 Mentocervical angle was increased from 117.25° ± 8.95 to 119.46°, with a mean difference of 2.21°. It was found that this correlation showed statistical significance only with the decreased angular measurement of UI-NA.
Upper lip angle was decreased from 15.54° ± 8.05° to 7.29° ± 4.47° with a mean difference of 8.25°. Decrease in the upper lip angle was found due to upper lip retraction. This finding was found to be significant. This finding is in favor of the studies which states that extractions lead to decreased upper lip angle. 12, 19, 20 Upper lip and lower lip prominence were decreased from 9.75 ± 4.42 mm to 8.21 ± 4.32 mm, with a mean difference of 1.54 mm and from 7.88 ± 3.01 mm to 6.58 ± 2.81 mm, with a mean difference of 1.29 mm (p < 0.01), respectively. This finding is in favor of the certain other studies that were done to establish the relationship between incisor retraction and lip prominence. Upper and lower lip lengths were increased from 17.67 ± 2.66 mm to 18.88 ± 2.35 mm, with a mean a difference of 1.21 mm (p < 0.01) and from 36.46 ± 3.48 mm to 38 ± 3.16 mm, with a mean difference of 1.54 mm (p < 0.01), respectively. The increase in lip lengths was found to be due to maxillary incisor retraction, but these findings were found to be insignificant. This result is in concordance with the studies done by Lamberton et al, 21 Lew, 20 and Tan.
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Upper lip and lower lip to E line was decreased from -0.42 ± 2.14 mm to -1.58 ± 2.43 mm and from 1.79 ± 3.19 mm to 0.17 ± 2.39 mm, respectively. These findings were found to be statistically significant. Murai 23 reported that the treatment goal for adult maxillary protrusion patients was-0.7 mm for the Ls to E line, and 0.1 mm for the Li to E line. As a result of our research, the upper lip was slightly more retrusive but the lower lip was almost at the ideal value. 7 This finding is in concordance with the various other studies. 7, 8, 11, 17 The interlabial gap decreased from 3.13 ± 2.49 mm to 0.50 ± 1.06 mm with a mean difference of 2.63 mm (p < 0.01) following retraction of the incisors. As the incisors are retracted, the everted upper and lower lips move toward each other leading to reduction in interlabial gap suggesting an improvement in lip competence. The finding is in concordance to the various other studies, 10, 11, 13, 14 which stated that incisor retraction leads to decrease in interlabial gap.
Burstone 24, 25 mentioned that the change in the position of the upper lip is also related to movement of the wraparound muscles and changes in the lower lip. Since the lower lip often touches the maxillary incisor, its position can be influenced by maxillary incisor retraction.
Superior and lower sulcus depths decreased from 7.13 ± 1.80 mm to 5.38 ± 1.66 mm and 4.25 ± 1.15 mm to 4.00 ± 1.10 mm, respectively. A decrease in superior sulcus depth was found to be highly significant, whereas decrease in lower sulcus depth was statistically insignificant. When correlations were calculated, superior sulcus depth reduction was found due to maxillary incisor retraction. This finding is in favor of certain other studies that showed decreased sulcus depth with incisor retraction. 7, 8, 14, 20 Upper lip thickness was decreased from 12.13 ± 1.73 mm to 11.79 ± 1.82 mm, with a mean decrease by 0.033 mm. There was almost no change in the thickness. This finding is statistically insignificant. In a study done by Kojo et al 7 and Sundareswaran and Vijayan, 10 a similar finding was observed.
Soft tissue chin thickness decreased from 9.67 ± 2.04 to 9.13 ± 1.82 mm with a mean difference of 0.54 mm (p < 0.05) following incisor retraction. This finding is statistically insignificant and is in concordance with the study done by Singh 26 in which it was concluded that the soft tissue chin thickness increased at all the points measured around the symphysis of the chin in both male and female patients after orthodontic correction. He also emphasized that changes in the basic position of the soft tissue nose and the soft tissue chin occur primarily as a function of growth, and there is little that an orthodontist can do to alter them. When treating Class II div1 malocclusions and Class I bimaxillary protrusion, it is assumed that the upper and lower lips will move back, while the nasolabial and labiomental angles increase as a result of the orthodontic retraction of the maxillary and mandibular incisors. In this study when we compared the hard tissue and soft tissue parameters using Pearson's correlation, retraction of the maxillary and mandibular incisors resulted in significant increase in NLA and soft tissue profile. A statistically significant increase in Z angle was observed in relation to lower incisor retraction and decreased interlabial gap that was statistically significant and was related to decrease in UI-SN (p < 0.05). Upper lip and lower lip to E line values were also reduced following retraction of the incisors, but this finding came out to be insignificant.
Conclusion
The following can be concluded from this study:
1. Significant increase in NLA, Z angle, upper lip length, lower lip length, and upper lip strain and significant decrease in H angle, upper lip angle, upper lip prominence, lower lip prominence, E line to upper lip and lower lip, interlabial gap, superior sulcus depth, and soft tissue chin thickness were observed when soft tissue parameters of pre-and posttreatment cephalograms were compared. 2. When the correlation between hard tissue parameters with soft tissue parameters was done, significant increase in NLA and Z angle and significant decrease in soft tissue profile and interlabial gap were observed.
On the basis of the results obtained from this study, the soft tissue profile can be altered following first premolar extractions with incisor retraction in Class II Div 1 malocclusion and Class I bi-maxillary proclination patients. Facial profile improvement can be enhanced by dentoalveolar and soft tissue retraction. Thereby, the main complaints of incisor and lip protrusion can be addressed following extraction treatment.
Note
This study was conducted at Bhojia Dental College and Hospital, Baddi, Himachal Pradesh, India.
